Historical earthquakes registered in Chile (from 1900 up to 2015) with epicenters located between 17˚30'S and 56˚0'S latitude and yearly mean total sunspot number have been considered in order to evaluate a significant linkage between them. The occurrence of strong earthquakes along Chile and the sunspots activity are analyzed to inspect possible influence of solar cycles on earthquakes. The cross wavelet transform and wavelet coherence analysis were applied for sequences of sunspots and earthquakes activity. An 8 -12 years modulation of earthquakes activity has been identified.
Introduction
Many terrestrial processes show trends and changes in the long-term: global temperature, geomagnetic activity and Earth's rotation. It is a challenge to find a relationship between them and also to identify possible extraterrestrial factors that may contribute to these changes in the long-term.
The major source of energy near the Earth is the Sun, therefore it is natural to think about a connection between different elements of solar activity and terrestrial processes.
The aim of this work is to find statistical relationships between the number of sunspots and earthquakes in Chile.
Earthquakes distribution on the earth's surface is not homogeneous; they generally occur in areas with different tectonic boundaries. One example is the largest earthquake of magnitude Ms = 9.5 which occurred in Valdivia on May 22, 1960 (the largest in the history of mankind), originated due to the sudden movement of the Nazca plate beneath the South American plate. The contact zone between the plates was located about 130 km from the coast to the west. Chile is one of the countries with the most seismic activity in the world. One destructive earthquake occurred every ten years in the last century [1] .
In previously published work, seismic periodicities in different countries were analyzed as in [2] [3] [4] .
Several authors have researched solar activity and its connection with seismic activity [5] [6] [7] . Reference [8] studied the relationship between solar activity and great earthquakes (Ms ≥ 8) in China. They observed an increase in the number of earthquakes in the years of maximum solar activity. References [9] and [10] proposed the existence of an interaction between the solar wind, particle radiation and earthquakes.
Reference [11] found relationships between increased solar events during the last half of the twentieth century and the intensification of earthquake events. Reference [12] linked the maximum frequency of earthquakes during periods of moderate and high solar activity.
Statistical studies related to solar activity were previously published by [13] and [14] .
Reference [15] studied the transitions of solar dynamo and its link to rapid climate changes, presenting some of the solar-terrestrial variables as the causes of triggering seismic activity.
In this paper, surface seismic magnitude values (M S ) for earthquakes in Chile and the yearly mean total sunspots number (SSN) were studied using:
• Periodograms obtained by fast Fourier transform;
• Cross Wavelet Transform and wavelet coherence analysis.
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Sunspots Number and Surface Wave Magnitude of Earthquakes Periodograms Obtained by Fast Fourier Transform
To estimate the periodicities of M S and SSN, power spectra were performed. In Figure 2 , power spectrum of M S series is presented in the terms of time. Predominant peaks around 4; 4.5; 5.5; 9; 11 and 13.5 are observed. In Table 1 periodicities obtained by different authors are shown. Figure 3 shows the power spectrum for SSN series. Two picks are observed in 10.5 and 20 years. These picks correspond to the ones cited by Schawabe and Hale respectively. Periodicity of 11 years was observed for the first time by Heinrich Schwave (1789-1875) and periodicity of 22 years takes the name of George Ellery Hale (1868- 
Wavelet Analysis of Sunspot Number and Surface Wave Magnitude of Earthquakes Considering Annual Maximum Values
The temporal correlation between annual averages MS (energy release sequences of strong earthquakes in Chile) and SSN (Sunspots Number) were analyzed using the 
where ω 0 is dimensionless frequency and η is dimensionless time. We examined the two time series together to find a link in some way. From two CWTs we constructed the Cross Wavelet Transform (XWT) which will expose their common power and relative phase in time-frequency space. We used the cross wavelet transform (XWT) for examining relationships in time frequency space between both time series. The theoretical distribution of cross wavelet transform of two time series is given in [16] . We used the corresponding software at http://noc.ac.uk/using-science/crosswavelet-wavelet-coherence. The result is showed in Figure 4 (c).
We applied a measure of Wavelet Transform Coherence (WTC) between the two CWTs, to find significant coherence, if the two series are physically related we would 
Results and Discussions
From the above analysis, it can conclude that wavelets provide a new tool for the comparition of the periods of earthquakes activity and solar activity.
It could be a possible qualitative mechanism caused by solar activity that would influence seismic activity (proposed [17] ). A summary of the effects of solar activity on the seismic activity should include the following elements:
• pressure pulses associated with fast solar wind or CME that compresses the magnetosphere;
• auroralelectrojet would be strengthened;
• atmospheric gravity waves would be generated and transmitted to lower altitudes;
• zonal winds would be strengthened westward;
• changes in surface air pressure;
• pressure balance of tectonic plates would be interrupted and tension accumulation is enough to trigger seismic activity.
Conclusions
By using the method of Fast Fourier Transform to study the periodicity in M S for the last hundred years, periodicities of 4; 4.5; 5.5; 9; 11 and 13.5 were found for earthquakes. Some of these results were previously obtained (see Table 1 ).
According to the statistical study done, periodicities of approximately 8 -12 years are observed in both SSN and M S . Similar periodicities are also observed in the orbital movements and orbital synodical of large planets. Reference [18] showed evidence that seismic activity could be caused by internal tides produced by the gravitational force of large planets and the moon.
From the study of the temporal correlation between SSN y M S , it was applied an independent method based on Wavelet Transform (squared WTC) [19] . It confirms the coherence's intermittency around 8 -12 years band.
It can be inferred that there is a connection between solar and seismic activities.
This study does not include the prediction of earthquakes. In order to do so, it should also be taken into account the Sun-Earth interaction as an extra variable.
